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ABSTRACT

A portion of the Weeks Island Salt Dome in southern Louisiana
has been purchased by the Department of Energy for the Strategic
Petrol eum Reserve Program The conplex will be a crude oil
storage facility converted from a conventional underground salt
mne. This summary of the geotechnical investigations
undertaken by several organizations discusses site geolo?y,
material properties of the salt, the condition of the oi

storage area, the status of other activities in the salt done,
and recommendat i ons.
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STRATEG C PETROLEUM RESERVE ( SPR)
GEOLOGE CAL  SUMMARY  REP
VEEKS | SLAND SALT DOME

| NTRODUCTI ON

Congress authorized the creation of the Strategic Petrol eum
Reserve (SPR) in the Energy Policy and Conservation Act of 1975.
The ob%ectlve of the SPR1Is to PFOVIde for the storage of at |east
750 mllion barrels of crude oil to minimze the effects of possible
severe oil supply interruptions

Salt domes were chosen as storage sites in part because of the
|l ow perneability of salt and the econonic advantage of large
under%gound storage caverns. The storage sites are located in the
Qul f Coast region of Texas and Louisiana and are accessible to
tanker ports and major pipelines. The salt domes include Bryan
Mound in Texas and Bayou Choctaw, West Hackberry, Sul phur M nes, and
Weeks Island in Louisiana. At four of the sites, oil will be stored
in existing caverns in the salt that were formed during comercia
brine production. Some caverns have also been used for storage. In
addition, new caverns will be created specifically for the SPR
program At the fifth site, Weeks Island, oil will be stored in an
abandoned room and pillar salt mne.

The storage capacitg of Phase | of the project is 248 nillion
barrels. The oil wll be stored in existing caverns and the mne
Currently 91.7 mllion barrels of crude oil are stored. Phase 11
wi Il involve |eaching of additional caverns with added storage space
and 290 barrels. DCE is present|y considering a Phase Il program
pl an Mplch will provide an additional 190 barrels of storage
capacity.

Sandi a National Laboratories, at the request of DOE, is
provi di ng geotechnical support to the SPR This includes site
characterization, engineering design assistance and eval uation
| aboratory and bench scale testing of salt cores from SPR sites,
monitoring and interpretation of field events, instrunentation
eval uation and devel opment, and technical support for the |eaching
program

As a part of the site characterization, four site geol ogica
characterizations are currently being conducted. The follow ng
contractors are providing geologic support to Sandia.

Bryan Mund D'Aappolonia Consul ting Engineers, Inc.
West Hackberry Wodwar d- O yde Consul tants

Sul phur M nes Law Engi neering Testing Conpany

Bayou Choctaw Acres American, |Incorporated

The contractors have been asked to do the follow ng:

1. Acquire, conpile, evaluate and interpret the existing data

ertinent to the geological characterization of the individual
PR sites.



2. Characterize the surface and near-surface geol ogy and hydrol ogy
with respect to its inpact on SPR surface facilities.

3. Define the geological, hydrological and geophysical
characteristics of the caprock.

4, Define the geonetry and geology of the salt done.

5 Assess possible effects of natural events (hurricanes,
earthquakes, etc.) on site geol ogy,

6. Assist in the planning of Phase 2 of site characterization if
d?Fned necessary by Sandia after the conpletion of Phase 1
efforts.

7. Assist in the planning and develoEnent of a long-termnonitoring
P!an to ensure the integrity of the stored crude oil over the
ife of the SPR program

This paper summarizes the site characterization that has been
conpl eted on Weeks Island. The majority of the geotechnical work
has been done by Acres Anerican Incorporated (Acres).
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CONCLUSI ONS AND  RECOMVENDATI ONS

The Weeks Island SPR site has been adequatelg characterized by
erV|ous geotechnical efforts. I
site are:

Two possible pro

em areas at the

The wet drift - An area of wet salt was encountered i mediately

west of the oil storage area during routine blasting of the
ﬁlanned access drift to the Markel Mne. Considerable grouting

as been done to try to stop the |eak.

A grouting programis

currentty underway, and shoul d be eval uated when conpleted. A
c

bul khea

onstructed to close off the wet drift allows passage

into the wet drift for observation and grouting. The bul khead
can be conpletely shut, in case of severe sudden water inflow

The service shaft - The service shaft was conpleted in 1902 and
the effectiveness of seals and condition of the concrete liner

are unknown. The shaft is not

pl unb, perhaps indicating some

nmovement in the shaft. Acres reconmended testing of the
concrete and the installation of pressure taps to nonitor water

pressure behind the shaft.

servi ce shaft have occurred to date

no serious problens in the

has been decided not to

disturb the shaft by installing pressure taps. The hazardous
consequences of these problems would be flooding or danage to

the oil recovery equipnent.

The follow ng reconmendati ons were madeby Acres in 1977 (1/11)
1979 (12/16). Sandia's comrents are included

Acres Recomrendati ons

That further studies be
undertaken to determne the
cause and mechani sm of

bl owout formation in done
salt with the objective of
devel oping a methodol ogy for
predicting blow outs in any
mning area. Once _
identified, such high risk
areas could be avoi ded
during mning or possibly
some action taken to
alleviate the risk.

That no mning of a new

| ower mne |evel beneath the
proposed oil repository be
Initiated unti

recommendation (1) has been

satisfied

Sandia's Comments

(1,2) Since the reconmendati on

was made, Dames and

More® and sandial8,19
have conducted studies of
bl owouts.  Dames and More
concl uded that precautions
in mning can reduce the
possibility of blowouts
sandial® concluded that it
Is nost unlikely that an
out burst could connect a
new mne to an existing

m ne.



That sonar_loggjng be
performed in brine wells No.
1 and 2 (Fig. 6) to
determ ne the actual
configuration of the

sol utroned caverns.
Depending on the results of
sonar |ogging, solution
mning may have to be
curtarled or controlled to
ensure the safety of the oil
repositories.

That both shafts be scaled,
pressure tap readings taken
in the production shaft and
pressure taps installed in
the service shaft and read
to determ ne the groundwater
pressure distribution behind
the shaft linings, and a
grouting program conducted
I'n the shafts if deemed
necessary on the basis of
the results obtained to
ensure the contan|n?
stability of the shafts.

That an attenpt be made to

| ocate and, it required,

seal boring No. 16 |ocated
aPprOX|nately 100 feet south
of the mne (Fig. 6).

That an attenpt be nade to

| ocate and seal the 5 known
borings (Fig. 9) and an%

ot her borings made in the
floor of the |ower |evel and
that large pillars (of the
order of 400-foot dianeter)
be left in anK new | evel
mne around those holes that
'cannot be adequately seal ed
to ensure no | eakage of oil
into the new | evel

(4) The utility

Brine well 2, 1400' from
the oil storage area was
sonar surveyed in My 1978
The well is about 100-150'
in diameter from-325" to
-1510'.  Brine well 1,
farther fromthe mne than
well 2 has not been sonar
surveyed.  Sandia does not
feel that it is inperative
to sonar survey well 1 at
this time. However, if
Morton Salt Conpany does
sonar survey either well at
any time, Sandi a recommends
that DOE request copies of
the survey.

. . of the

i nformation obtained from
pressure tap readings is
uncertain.

(5) Sandia agrees.

(6) Borings made within the

m ne have been | ocated ang
seal ed wi th MSHA approval



10.

That nonitoring of all oil (7) Sandia agrees.
and gas drilling around the

perineter of the donme is
continued to assure that no
holes will be drilled that
coul d possibly affect
stability and containment.

That the mne conversjon (8) No conment.
schene (as presented in

Section 5 of Acres, 1977) be

assessed against project

conversion cost schedul es

and confining paraneters.

That a nonitoring and (9) It is Sandia's opinion that
I nspection program (as the use of web stress
outlined in Section 7 of nnnitorin% devices be fully
Acres, 1977) be inplenented assessed before driIIin%
and continued while oil is into the web. Due to the
in storage to assure di stance of the brine wells
_ _ to the mne and the regul ar
(a) the integrity of the shape of brine well 2
repository for oil routine monitoring of the
W t hdrawal : (b) the brine wells at this tine
safety and stability of does not seemto be
any new mne workings war r ant ed
in proximty to the oil
repository: (c) the
integrity of the shafts
(The program shoul d include
moni toring of surface
subsi dence, shaft and bul k-
head inspection and nonitor-
in?, convergence and pillar
deformation in the new Mrton
Sal t Cbnpan¥ m nes, neasure-
ments of pillar and web
stress changes in the new
mnes, and nonitoring of the
brine wells.)
That the possibility of (10) The nine has been filled
detonation of oil vapor with inert gas since the
within the mne be further recormendation was made.

studied and, if the risk is
confirmed, that either the
met hod of filling the mne

with oil or the atnosphere
in the mne during filling
or both are so controlled
that the air/vapor mxture
at no tine falls within the
flammable limts.



11.

12.

That further detailed

anal yses of the

nodi fication of pillar
stresses with time be
performed to provide
theoretical confirmtion of
the conclusion (based on
observations in the nine
and the anal yses descri bed
in this report) that
pillars do eventually
achieve a stable
configuration.

The construction of
concrete bul kheads to
isolate the manifold room
fromthe Markel M ne.
Since emergency access to
the service shaft from the
Mar kel M ne must be
mai nt ai ned, the bul kheads
must |ncorBorate manways
whi ch can be quickly cFosed
off in the event of an
emergency. The location of
the bul kheads should be
determned by joint

consul tation between DOE
and Mrton Salt Conpany,
but to mninize o
interference with mning
operations, they will
probably have to be
constructed in the upper
and | ower by-pass
ventilation drift. Al
mat eri al s and equi prment
necessary to permanently
seal the manways shoul d be
maintained at site
Breferably close to the

ul kheads, and the _
procedures to be adopted in
the event of an emergency
clearly established.

(11) sanaial®,1% did
addi tional analysis in
1979. Results from
further detailed analyses
woul d not be worthy of the
effort at this time

(12) Sandia recomends that the
ability to install the
bul kheads on short notice
be ascertained.

10



13.

14.

The purchase and
mai ntenance on site of
grouting equi pnent and
materials suitable for
operation within the fully
equi pped service shaft and
the execution of a _
mai nt enance contract with a
speci alist grouting
contractor to provide
skilled operators at short
notice to carry out _
emergency remedial grouting
work 1n the service shaft
in the event that anY__
| eakage through the [ining
or past the seals should
develop. It would be
advi sable for the grouting
contractor's staff to
becone conpletely famliar
with the site conditions so
that in an enmergency work
can proceed with the
m ni mum del ay.

The establishnent of
routine inspections of the
service shaft, both
visual ly and by precision
survey methods, to nonitor
for any deterioration of
the service shaft |ining,
signs of incipient |eakage
or for any displacenent of
the shaft. The visual

i nspections should be
conducted on a weekly basis
and the survey on a nonthly
basis. Procedures to be
adopted in the event of an
changes in the condition o
the shaft should be clearly
establ i shed.

(13) Sandia reconmends that the
ability to perform
grouting operations on
short notice be
ascertained.

(14) Ooservations should al so
be recorded.

11



15.  The establishment of (15) Onservations should also
routine nonthly inspections be recorded.
of all the drifts between
the production shaft,
mani fold room and the
Markel incline bul khead as
long as the Markel Mne is
in operation and the
establ i shnent of
arrangements with the
Morton Salt Conpany to
ensure that DOE is kept
infornmed of progress and
any Bgoblens encountered in
the Markel M ne.

16. The condition of the Markel (16) Sandia agrees.
M ne and associated drifts
shoul d be reviewed when the
mne is abandoned by Morton
Salt Conpany and procedures
established at that tine
for contJnU|ng nmonitoring
of the-mne, drifts and
production shaft.

The Ral ph M Parsons Conpany has recently conpleted a detailed
safety/ hazard analysis of the Weks Island SPR site. The study
i ncl uded system descriptions and analysis, and possible failure
nmodes and effects. The report also includes special studies
concerning |eakage at bul kheads, service shaft headframe fire
hazard, installation of equipnent and piping in the service shaft
after fill, and the crude oil system (fill, wthdrawal, and
recycle). Parsons includes reconmendations and cost estinates.

12



GEOTECHNI CAL - SUMVARY

Weeks Island is |ocated south of New Iberia, Louisiana in
south-central Louisiana. The "island" rises up to 170 feet above
the surroundi ng marshland and i s about two miles in dianmeter. Salt
was discovered in 1897. Production of salt began in 1902 froma
room and pillar underground mine. Salt and brine are purrenth
bei ng m ned bg Mrton Salt Conpany. The storage capacity at the
VWeeks Island SPR site is 75 mllion barrels of crude oil

Regi onal Geol oqgy

South-central Louisiana lies within the Gulf Coast section of
the coastal plain phﬁSlographlc province. Structurally, the area is
on the northern flank of a qulfmard-d|pp|ng geosynclinal basin. The
regional axis of the geosyncline roughly corresponds to the
coastlines of Texas, Louisiana, Mssissippi, Al abama and Florida
The stratigraphic record indicates that the geosyncline has been
subsiding slowy since Cretaceous t|ge as the area received a
vol um nous accunul ation of sediments’/. Gowh faults normal and
down to the south are typical. The faults are gradational and
concurrent wth deposition.

Weeks Island is one of the Five Island salt donmes aligned in a
nort hwest - sout heast direction in southern Louisiana. The islands
include Jefferson, Avery, \Weks, Cote Blanche and Belle Isle (Fig.
1).

Sur f ace

Exi sting reports discuss in detail the topography, hydrology and
soils of Weeks Island. The topographic expression of Weks Island
salt donme is two niles in diameter. The maxi mum el evation on the
island is 170 feet. Weks Bay, an extension of Vermllion Bay, is
on the west side of Weks Island. The remaining sides are bordered
by marsh (Fig. 1). The topography is hil%y (Fig. 2) with gullies
20-60 feet deep in one area of the island”. A topo?raﬁh|p scarp
trendi ng N20°E and facing east crosses the mddle of the island
and probably represents the surface expression of a boundary shear
zone in the'salt. To the east of the scarp i's an internal valley
that crosses the island and is probably also related to the boundar
shear zone. The valley includes a line of sink-hole |akes. Sone o
t he Sther aligned valleys may al so represent shear zones in the
salt« The lakes could_refl|ect subsidence caused by surface
sol utioning of the sa1t}5,20,4, Springs are comon on the
northern slopes of the island.

The island is on the northern edge of the Atchafalaya-
Vermillion estuary conplex. The bays are shallow and rinmed on the
north by brackish and internediate waters and on the south by salt
marshes, Bay waters are brackish?. The nost inportant
navi gational body of water in the area is the Intracoastal
Waterway. \Waterways, watersheds, precipitation and surface water

13
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runof f are discussed in detail in the Environnental I|npact Statenent
volumes.  Surficial sediments are brownish-yellow |oany silts and
clays varying in thickness froma few inches to 30-40 feet.

Ferrugi nous sands with bands of chert pebbels are exposed on the
southern sides of ridges and in sone deep gorges'

Near Surface to Top of Done

Information on the sediments fromthe near surface to the top of
salt is limted. Exploratory drilling has not reveal ed the presence
of a caprock typical of many Gulf Coast donmes. Except for a few
mnor pockets of methane, no cavities associated w,th caprock
formation have been found at the top of the salt6s7, Depth to
salt in the mne area is 100-200 feet fromthe surface. A few feet
of organic clay overlies the salt. Above the clay are sands of the
Pleistocene Praire formation. A stratigraphic section of the
sediments overlying the salt is shown in a 1901 sketch of the area
adj acent to the service shaft ﬁFig. 3). The completion rigorts of
the vent hole and two oil fill holes by Fenixs&<scissor?v»10,11
i ndi cate gunbo shale/sand to within LO 20 feet of the salt with sand
directly overlying the salt (Fig. 4). The reEorts indicate top of
salt at 197 feet below the surface or -102 MSL at the vent hole and
-135 MSL at both fill holes.

The Chicot formation of Pleistocene age is the principal aquifer
inthe area (Fig. 5). The piezometric surface in the Chicot,
approxi mately at sea |evel near Weeks |sland, slopes slightly to the
nort hwest towards a9 inland depression cigsed by heavy w thdrawal s
around Lake Charles’/. Harder and others'3 showed thaf near the
coast, the fresh water of the ChicStI- gradually becomes saline at
300-600 feett. Whitman and Kilburné! showed that many of the
smal l er localized shallow sands that overlie the "upper sand unit"
contain saline water. Some are fresh, however, and provide water
for local areas. The mater-bearin? sands above the salt at \\eks
| sl and probably represent the shalow sand aquifers of the Chicot?.

Level s of fresh water ponds on the island may vary from 15-60
feet above sea level. That suggests that nuch, 1f not all, of the
srallow grgund wat er is perched above inpervious horizons at varying
el evations ©

Deeper Sedi ments

Approxi mately 15,000 feet of Mocene, Pliocene, and Pleistocene
sediments are present adjacent to the dome. The M ocene and
Pl i ocepe sedinents consist of transition and shall ow marine
facies’. The upper third of these sedinents are Pleistocene in
age and include trom ol dest to youngest the WIliana, Bently,
Mont gonery and Praire formations. Each unit grades from sands and
gravels at the base to finer sediments at the top

16
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Salt Dome

Done Geonetry - Morton Salt Conpany has provided a contour map of
\Weeks |sland that was conpiled from seisnographic and wel | data.
The dome is slightly less than two mles in diameter at the 800-f oot
contour and_approximately 2-1/4 mles at the 10,000-foot contour

Fig. 6). The top is flat with few known pinnacles ﬁFI . 7). The
one is vertical to overhung on the north and east flanks and di ,s
60-80 degrees on the south and west flanks. According to Kupfer 4,
(a consultant retained by Qulf Interstate Englneer|n? Cbnpaqiz t he
salt extends down at |east 15,000 feet below the surface. mal
shal e or sheath encircles the done bel ow 12,000 feet except on the
west flank where it is at 9000 feet (Fig. 8).

Hydrocarbons - Gl is produced on the flanks of the Weks Island
donme.  Major oil accunulations are present on the north flank where
oil is trapped by the overhang. Mrton Salt Conpan%_retains_rights
to the oil and gas in the salt itself thereby prohibiting drilling
into it.

Brine Wells - Two brine wells drilled originally to 1,897 feet and
1,598 feet are located 1400 feet northeast of the oil storage area
(Fig. 6). Currently, Mrton Salt Conmpany is producing brine only
fromBrine well #1, the well farthest fromthe oil storage area

The cl osest wel | _has been sonar surveyed and poses no threat to the
oi| storage areal?,

Exploratory Drill Holes - Morton Salt Cbnpan¥_and t he previ ous owner
of the mne, MfTes Salt, drilled holes to define the top of the
salt. Only two penetrated the salt to great depth. One of the

hol es, $16, 100 feet south of the mne, was drilled to 745 feet.

The other, X84 2600 feet northwest of the mne, was drilled to 301
feet (Fig. 6). It is not known if these holes have been sealed“
Expl oratory borings were also drilled fromw thin the |ower |evei
mne to investigate salt quality ahead of the working faces (Fig.

9). Five known holes were drilled approximately 300" vertically
fromthe floor.

M ne CGeology - The mne has been worked at two levels by the room
and pillar nethod (Fi%s é). ~Production fromthe first [evel (-535
MSL) began in 1902. roduction from the second |evel ﬁ-735 MSL)
began in 1955 when the first level was abandoned. Pillars of the
second | evel are nearly directly under the pillars of the first
level . As n1n|n? extended to the east of the upper |evel, the room
width increased from50 to 70 feet with pillars remining 100 feet
in length and width throughout. Room heights are approxinmately 75
feet., M nimum distance fromthe edge of the dome to the oil storage
area is greater than 1100 feet.

Shear Zones - Not all salt in a salt done noves at the sane rate.
Differential novenent causes shearinag. Three shear zones have been
defined at Weks |sland by Rupfer2 (Fig.10). The npst severe is
on the northeast boundary of the lower level in Roons GZ.  Another
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shear zone is in the northwest of the |ower level in Roonms MZ The
third shear zone identified by Kupfer is in the southwest Cor ner of
the Igwer level but the zone was not substantiated by Acres <.

Acres” tested the shear zones and found themto be inpervious and
conpet ent

Bandi ng and Folding - On fresh faces and ceilings, 2 to 8 inch
halite layers alternating with thin dark |ayers containing anhydrite
inclusions are visible. "No bands of pure anhydrite exist.  The salt
is banded and intensely folded in some areas due to the vertical

enpl acenent of the salt. Banding and folding are nore intense in
"shear zones" where two spines of salt have noved togetger
differentially. Walls often show near vertical banding®.

Leaks - M nor gas seeps are fairly conmon in the mne, lasting a few
days to years and occurring in all types of salt. The seeps are a
local phenonena which will not adversely affect the integrity of the
mimeZ  Gas trapBed in crystals and along crystal boundaries is

rel eased during blasting

Brine and oil |eaks are random and fairly conmmon in the mne
Areas generally drip brine for only a few days or nonths, formn
rust-brown stalactites characteristic of the high iron content o
connate waters. It is generally believed that these |eaks are from
trapped connate waters in the salt mass. Petroleum |leaks dry up in
a few years rather than nonths, probably because of the greater
viscosity of the oil.

Bl owouts - Blowouts, or outbursts, are conical openings which occur
during blasting. The largest at Weeks Island is about 30 feet in
maxi mum direction (Fig. 10). Blowouts are associated with ceiling
sl abbi ng, orange sandstone, yellow salt, jointed salt, black salt,
clay and l|arge open folds.

Blowouts result fromthe release of l|ocal entrapped gas. They
are expected to occur when the effective pore pressure mnus the
stress enduced pressure reaches a critical value for the salt.
M ning causes a sudden reduction of the stress related pressure in
t he Sglt maki ng bl owouts possible if Pas is present. Dames &
Moore® investigated blowouts and concluded that no single geologic
characteristic allows prediction of blowouts2 but precautions in
mning can reduce their posssibility. Acres< examned areas of
bl owouts at Weeks Island and found no sign of structural weakness

Properties of the Salt

In 1977 Acres and their subcontractor RE/SPEC, conducted an
in-mne investigation of both levels of the mne, the service shaft
and the production shaft. Core drilling at four sites in the | ower
level, and field and |aboratory testing was carried out. The
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drilling extended up to 50 feet into the walls of the mne. Core
sanmpl es were recovered for |aboratory testing and permeability tests
were conducted in the drill holes to assess the in situ pernmeability
of the salt. Laboratory testing included chem cal analysis

uniaxial and triaxial strength tests, perneability tests (to
nitrogen and fuel oil), reactivity between salt and crude oil and
simul ated recovery tests from |oose granular salt. Laboratory
testing was done by Core Laboratories, Terra Tek, Dr. Thomas

Ussel man of the State University of NewYork in Buffalo and in Acres
and RE/SPEC's | aboratories. RE/SPEC al so conducted nmathematica
analyses. Dr. D. H Kupfer assisted with the geology, and Dr. Cay
D. Durham Jr. was retained as a geol ogical consultant.

~I'n 1979 Acres conducted an additional study of the mine. Acres
drilled and sanmpled the first level salt to confirmthat the salt
characteristics are essentially uniform throughout the oil storage

area. In-mne investigations included drilling and sanpling at five
sites. A total of 11 holes were drilled up to 40 feet into the
salt. In-situ ﬁernEab|I|ty testing was carried out in all dril
hol es u5|n? both nitrogen and diesel fuel as test fluid. Sanples
r

recovered fromthe upper |evel were |laboratory tested to determne
shear strength and perneability characteristics. Petrographic and
spectrographic analyses were conducted. Al drifts and mning areas
excavated since the earlier investigations were closely inspected
particularly various bul khead |ocations and areas where water

seepage had occurred. Acres concluded that none of the work had
adversely affected the oil storage area

Details of testin% procedures and equipnent used as well as
complete results can be found in the geotechnical reports by Acres
of 1977 and 1979. Laboratory tests were done by Soil Testing
Engineers, Inc.; Delta Testing & Inspection, Inc.; Core _ _
Laboratories, Inc.: Terra Tek; James Murphy at the State University
at Buffalo; and Acres Environmental Laboratories

Petrographic Analysis - The salt was anal yzed petrographicall _
during boththe 1977 and the 1979 geotechnical study. The salt, in
general, shows a strong fabric which is principally defined by

el ongation and pnly secondarily %y flattening of grains. The fabric
is roughly vertical. Gain boundaries are flat or curviplanar, not
irregular or sutured. Gain size and shape varies fromsite to
site, but individual sanples are uniform Salt crystals are 1/8 to
1/2 inches in dianeter. Mst sanmples are friable, possibly because
of the lack of snmall grains dispersed between the larger grains.

The saltis unusually pure. Inpurities (except in shear zones)
are 99% anhydrite. Darkness of the salt is often due to interna
reflection in colorless crystals rather than to inpurities. Qher
inclusions include clays, hydrogen sulfide, carbon dioxide, and
petrol eum products. Lenses of sandstone and marly clays caught up
during nmovenent of the salt are common in shear zones.
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Anhydrite is a constant accessory (1% to 2%. Anhydrite grains
are contained entirely within individual salt grains. Liquid and
gas_ inclusions occur a]on% cl eavages and preexisting fractures or
grain boundaries. Gain boundaries are comonly lined with vugs
resulting in the porosity of 1%to 5%

Spectrographic Analysis - The results of the spectrographic analysis
of the salt of both Tevels are simlar. Salt fromthe upper |evel
Is 98.9%pure with chief inpurities being Ca, S, K A, Fe, Si, and
Sn in order of decreasing concentrations. Sanples from the |ower

| evel contained slightly more inpurities including Ca, P, K Si, A,
Fe, and Sr in order of decreasing concentrations. However, for
practical purposes, no major variations between |evels were noted3.

Unconfined Conpression Tests - The unconfined conpressive strengths
of salt obtained fromthe upper |evel are conparable to the highest
strength obtained from four cores fromthe lower level. Sanples
fromthe upper level were handled with great care during
transportation to avoid in-transit disturbance. The results of the
1979 tests of the upper level salt are nore consistent than results
of the lower level salt tests probably due to greater care in sanple
handling. The differences between the two test series are not

consi dered significant an, do not indicate an¥_najor variation
between the two Iocat|ons4. An average unconfined conpressive
strength of 2500 psi, the average of the 1979 tests |ess one
standard deviation, is considered applicable to the salt of both

| evel s of the mne.

Triaxial Conpression Tests - Triaxial conpression tests of the salt
were run at 0, 500, and 1000 psi. Results, including the unconfined
strength value of 2500 psi, were plotted on Mhr circle diagrans.
There are significant variations in strengths of the salt from
various sites at \Weks Island. The strength of the salt in the
upper level is lower than that determined for the [ower level. The
maj or difference is an apparently lower friction angle conmbined with
a_ higher cohesion intercept. To conpare results fromdifferent
sites of the upper level, all the Mbhr stress circles were plotted
on a single figure (Fig. Ilj. A reconmended |ower limt parabolic
envel ope for the upper level results is indicated. At 500 ps

normal stress, the failure shear stress for the [ower |evel envel ope
is 1060 psi, while the upper level is 960 psi - some 10% | ower. At

| ower normal stresses, the differences decrease and, in fact, the
series indicates higher strengths at normal stresses |less than 350
psi, which is appropriate for the upper level3.

In sunmary, salt sanples from the uﬂper | evel exhibit |ower
strength and nodulus of elasticity and higher unconfined strengths
conpared with salt fromthe lower level. The latter may be due to
more careful sanpling, handling and testing3

Tensile Strength Tests - Tensile strength of salt fromthe upper
level 1s significantTy less than that of salt from the |ower [evel
probably due to sanple preparation. During the Brazilian tests
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sample crumbling was the observed failure mode. There was no
indication of any cross-grain tensile fracturing. Grain boundary
failure was the dominant mode in the small samples used. Test
results are not considered truly representative of the in situ
strength of the salt and were not used in the Mohr circle
calculations.

Creep - Morton Salt measured horizontal and vertical creep using
convergence rods located in the salt in the ore room of the lower
level from 1961-1967. Convergence of salt varies but is
approximately 1/2 inch per year. Because of lack of additional
data, these measurements cannot be extrapolated to other parts of
the mine. The convergence should be slightly less when the mine is
filled with oil. Nevertheless, pressure should be monitored in the
mine since a decrease in total volume will increase vapor pressure
above the oil.

Permeability Tests - Permeability tests were run in-situ and in the
laboratory. In-situ tests indicate that salt in the upper and lower
levels has a permeability of less than 0.02 millidarcys. Laboratory
test results of 1979 indicate a decrease of permeability with
increasing confining pressure. The final measured permeability
under a pressure of 100 psi ranged between 1.5 and 6 millidarcys for
diesel fuel, and between 1.3 and 14 millidarcys for air. The 1977
tests indicated permeabilities of 0.3 to 12 millidarcys for diesel
fuel and 1.3 to 20 millidarcys for nitrogen. Since it is highly
probable that some stress relief occurred following drilling and
transport to ghe laboratory, in situ results are considered to be
more reliable® than laboratory results (Fig. 12).

Salt/Oil Reactivity - Five salt samples were crushed and submitted
to salt/oil reactivity testing. Both pure and impure salt was.
used. The tests show little chemical reactivity between crude oil
and salt. No absorption of the oil into the salt crystals was
observed , nor was there any evidence of any rock failure due to
swelling or disintegration of the samples.

Condition of the Oil Storage Area

Effects of Mining - Mining processes have caused jointing and
disaggregation up to 20 feet bagk from the mining surface. Slabbing
iIs common on the older surfaces<.

Natural adhesion of the oil to salt and the increased porosity
due to the friable surfaces, jointinq and slabbing as well as logse
salt debris left on mine floors will reduce oil recovery. Acres
conducted oil withdrawal tests from loose salt and found that a
minimum oil loss of 0.4 percent of the total volume of oil would be
lost in unremoved salt piles. However, losses of oil will occur in
the first fill/withdrawal cycle only.

Mine conversion work included scaling off loose slabs of salt
from pillars and walls. and grading the loose salt piles to ensure
free flow of oil.

30



T 366 3601 B 1220
200
bt— 200 psi
125 J e—200ps
loo 103
200psi —~ H 80
63 .
60 200 psi—mi |
-5, i
500 psi-m O0psi M 130
20 Q f+—%00ps
1811
gy |4
12 800 psi —m T
10 [+]
CONFINING PRESSURE
._J l-a— 1000 psi
6 S 177
]
b ha-1000p1
1000 psi— L—u 87
@ 1000 psiml ™™12.9
Q
T 2
2
| 5 S
3 1] 13 =13
-
3 0.7
o
g 0.3
[
w
a 0.3
Q2
[
ol s
§ z
z o g 4
2 ]
008 u % g g L = Q gl
8 g - 3 o
- z
i
-
002 *
\ 0.018
00!
§ \
0008 2005
fELD LAB FIELD LAB

1977 LOWER LEVEL

1979 UPPER LEVEL

Figure 12 - COVPARI SON OF FI ELD AND LABORATORY PERMEABILITY TEST

RESULTS - UPPER AND LOAER LEVELS (From Acres Ameri can,

1979, Strategic Petrol eum Reserve - Weks Island Mne -
Addi ti onal

to the Ral ph M. Parsons Co.

Geot echni cal

Par sons- G | bane)

St udi es,

for u. S

Subcontract No.

Dept .

Inc.,

1-5C-5822-4013

of Energy =~

31



Pillar Stability - The 1977 Acres in-mne survey reveal ed extensive
piTTar decay due to spalling and ravelling throughout both |evels of
the mine. In many areas |arge slabs were separated fromthe

pillars. Pillar decay is essentially a result of rupture which
occurs under both elastic deformation (brittle fallure? and time
dependent deformation (creep rupture). Analyses of pillar strength
were made by both the tributary theory, assun1n?_a_un|form
conpressive stress across a pillar, and by the finite element nethod
to show the distribution of the grlnc! al stresses throughout 3
pillar and adjacent salt nass. he pillars will remain stable?:3,

M ne Roof Stability - The mine roof in general shows no sign of
faiTure.  Blowouts in the roof do not aﬁpear to affect overall roof
stability*. Mne conversion work, which included scaling |oose
slabs on pillars, did not affect roof stability. Drilling holes
between the two |levels, tunneling into the service shaft sunp and
renoval of salt bridges along roomH al so appeared to have no
adverse affect on the stability of the mne Elllars or roof3, The
conparabl e strengths of the two |evels and absence of an SIPHS of
distress in the roof inplies that there is little risk of collapse
other than minor roof falls or spalling in either Ievel and that
such falls would not adversely affect the overall stability of the
mne or lead to |oss of oil3.

Shafts - Two shafts serve the oil storage area (Fig. 13). The
service shaft, 9 feet in diameter, was built from 1898 to 1902. The
shaft extends 784 feet below sea level to the lower level. The
shaft is lined approximately 40 feet into the salt.* Effectiveness
of seals and condition of concrete are unknown. Acres suggested
installation of pressure taps to nonitor water Pressure behind the
shaft. No serious problens in the service shaft haveoccurred to
date. ~The shaft is not plunb, however, and Mrton did experience
occasional jamming of the cage in the guides indicating some ongoing
nmovenent of the shaft3, The service shaft holds the Iines and
Punps that will be used for oil recoyery. The manifold roomis
ocated in the service shaft. Acres-fiotes that there could be
serious potential for damageto the oil recovery equi pnent because
of flooding or failure of the shaft. An alternate w thdrawal system
through the fill holes is possible.

The production shaft was constructed in 1954 to 1955. It is 18
feet in dianeter to a depth of 804 feet belowsealevel. The shaft
is lined to 271 feet below the surface, 110 feet into the salt.

M nor | eaks have occurred in the production shaft, but these |eaks
have been stopped by grouting.

*Reports on the depth to the top of the salt vary from-39 MSL in
the service shaft construction schematic to -57 MSL in the Acres
5979 report to -87 MSL in the Fenix and Secisson construction

i agr ans.
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Drifts to the Production Shaft - Two drifts were excavated fromthe
Verkel Mne to the production shaft above the upper |evel (Fig. _
14). One of the drifts is an extension of the Markel Incline and is
now eqU|pRgd with a salt del!ver% conveyor which carries the salt
fromthe Markel Mne to | oading hoppers serving the production shaft
skips. Before installation of these hoppers, the salt fromthe
Markel M ne was dropped to the | ower |evel Ioadlnﬁ system through a
six-foot dianeter r§|sebore ore pass located at the end of a
100-foot spur drift 2,

The other access drift to the production shaft circles the shaft
and enters on the opposite side, below the first drift. Over room
one of the lower |evel, another six-foot dianeter raise was
excavated to provide ener gengy escaﬁe during conversion of the |ower
section of the service shaft >  Both drifts were inspected in 1979
by Acres and found to be structurally sound with no indication of
wet ness.

The two drifts were initially devel oped using normal drilling
and blasting. However, during excavation, sonme water |eakage
occurred in the production shaft. The leaking area was grouted
successfully, but to prevent furth r vibration, the excavation was
conpl eted using a mechani cal m ner 3

Drifts to the Service Shaft -~ The upper and | ower ventilation bypass
drifts were driven fromthe Markel mne to the service shaft (Fig.
14). The manifold roomin the service shaft and the upper
ventilation bypass drift, and the final 150 feet of the |ower
ventilation byPass drift were excavated with a mechanical mner. To
carrY utilit I nes durlnﬂ conversion, an 11-inch dianeter hole was
drilled at the end of a short spur drift from thg lower drift to
intersect the upper and |ower mne level. Acres< inspected the
upper and lower ventilation bypass drifts and found them to be
structurally sound with no sign of wetness. A short length parallel
to ﬁhellomer drift could not be inspected because it was backfilled
with salt.

Bul kheads - The six direct connections between the Markel M ne and
the oil storage area are 1) the service shaft/manifold room 2) the
production shaft, 3) the Markel Incline, 4) the six-foot diameter
ore pass, 5) the six-foot dianeter energency escape, and 6) the
11-inch dianmeter utilities hole (grouted the entire length from the
surface to the roof of the upper level). The connections were
sealed in 1979 by concrete bul kheads (Fig. 15).

Prior to pouring the concrete, the salt was inspected by Acres
Acres found sound salt with no evidence of structural weakness or
fissures. The keyways were excavated by use of a mechanical mning
machine. Acres concluded that the salt wll suEport t he bul kheads
throughout the life of the storage facility. The long-term
stability and strength of the bulkheads thenmselves was not in Acres'
scope of work
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O | Containment - Perneability tests indicated mass perneabilities
of less than 0.02 mllidarcys. For all practical purposes the salt
is inpervious to oil and to hydrocarbon vapor and any other gases
that may accunulate within the storaae area. Inspection of the

bul khead keyways i ndi cat ed sound salt3.

The history of mning at Weks Island has generally shown that
any seepage into the mne or structural weakness becomes apparent at
the tinme of blasting. No water seepage into the oil storage area
was observed by Acres in 1979. It is therefore reasonable to assune
t hat | eakage devel opi ng through the established perimeter of the
mne wll probably not occur unless the area is seriously disturbed
by other mning in the done.

Interim M ne

Markel Incline - To nmaintain continuous salt production during mne
conversion activities, Mrton Salt Conpany devel oped a new m ni ng
area (Markel Mne) through a series of drifts excavated fromthe
original workings. The Markel Incline to the Markel M ne passes
through the highly stressed areas of salt formng the perineter
B|I|ar of _the nmine excavation througﬁ an area previously identified
y Kupfer? as being a shear zone. e bl owout occurred in the
roof of the Markel 'Incline close to the lower |evel. Acres
inspected the incline in 1979 and found no evidence of any
structural weakness. A secondary tunnel fromthe [ower |evel was
al so examned and found to be in good condition.

Wet Drift - In 1977, an area of wet salt was encountered during
routine drilling and blasting of the planned access drift to the new
Markel Mne (Fig. 15). Mnor inflows of water occurred. Gouting
substantially reduced the |eakage but did not conpletely stop it.
Test borings by Morton indicated a significant zone of wet salt
around the wet drift, and it was decided to isolate the wet drift

and excavate new access tunnels for the Markel Mne routed to clear

the wet zone. The new tunnels were conpleted w thout any
difficulty”,

In late 1978, during mne conversion work, the |eakage rate in
the wet drift increased. Gouting operations again did not
conpletely stop the |eak. To ensure the safety of the underground
wor ki ngs, a bul khead was constructed. A steel pipe fitted wth a
wat ertight cover provides access to the area. |If severe inflows
were to occur, this drift could be sealed off and allowed to fill
with brine without affecting other areas of the mine or the oi
storage area3,

In March 1979, the leak rate was 1.6-2.0 gallons per hour. A
grouting programis currently underway using chem cal grout as in
the past. Attenpts at using cenent grout when the leak first
devel oped were unsuccessful. Dr. Joseph D. Martinezl6, who
studied the wet drift in detail, suggests that the proximty of the
top of salt (282 feet) could have resulted in the intersection of
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the drift with natural fissures extending downward, or wth cracks
generated by blastinﬂ and propagating upward to the top of salt, or
a conbination of both. Martinez feels that the leak is a result of
mning too close to the top of the salt.

Markel M ne - The Markel Mne is |ocated northwest of and at
apprOX|nateIX the same depth as the upper |evel of the oil storage
area (Fig. 14, 15). Access to the nine is through two
interconnected drifts fromthe Markel Incline. At the closest
point, the Markel Mne is 300 feet fromthe upper |evel of the oi
storage area. Acres examined the access drifts and new m ne _
workings in 1979. Particular attention was directed to the sections
closest to the wet drift, but no signs of seepage were observed
ﬁgmflareas of danpness, gas seeps and inpure salt were noted in the
rkel mne.

New Morton M ne

Design plans include a mne beneath the oil storage area. For
that reason, several investigations of the safe web thickness
between the two have been investigated. First in My 1977, the safe
web_thi ckness was investigated for Mrton Salt by A “J. Henderson
Jr.14 of the University of Illnois using a finite el ement study.

In Novenmber of 1977, Acres2 concluded an eval uation of a safe
web thickness for the Federal Energy Adm nistration also using a
finite element model. Acres concluded that the storage of oil woul d
have only a slight effect on the stability of the web and that a web
of 300 feet woul d be adequate subLect to qualifications regarding
bl owouts.  The majority of the web will experience the sane
effective stresses regardless of the presence of oil. The in%ht
increase in the effective stress near the lower |evel of the oi
storage area will cause a slight variation in the defornmation of the
opening. The oil will in fact &;ovide confinenment to reduce pillar
spalling in the storage area. thdrawal of the oil will also have
only slight effects. The oil storage area may experience
accel erated creep for a short period of time, but it will be |ower
than after original excavation. Wb thicknesses of 300 feet and 400
feet are practircally identical in terms of stability although an
increase In web thickness increases the region of undisturbed salt.

In August of 1978, the General Accounting Ofice (GAO

gxgst[one the suitability of a mne beneath the oil storage area

Osited a report by the Mne Safety and Health Administration
(MSHA).  According to MSHA, even if only small blowuts were to
occur, cracks and fractures resulting from the blowout could extend
to the oil storage area with |leaks resulting. In the report, MHA
concl uded that no practical means exist to assure mining wll not
penetrate a bl owout prone zone and that potential hazards are too
great to permt mning 370 feet below oil storage. The report
stated that unless facts were provided that assure a | esser distance
i s adequate, mning should not occur less than 650 feet below the
oil storage area
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In a letter in Appendix | of the same GAO report, Mrton Salt
Conpany argues that if a blowout occurs in the oil storage area
above, the horizontal stresses tend to seal the fractures. If a

bl owout occurs in the roof of the new mne below, the expelled salt
woul d move out of the hole, and any cracks would parallel the renote
end of the opening created, as evidenced by bl owouts in salt and
potash mnes all over the world. Mrton also notes that blowouts
are related to relict bedding and that probe drilling is carried out
routinely so that potential blowouts are bled off harm essly.

I'n 1979, Sandi a Laboratoriesl8:19 perfornmed finite element
stress analyses for a single |evel mine nodel and for a two-|evel
mne configuration with various vertical separations. Sandia
concurred with the 300-foot safe web thickness proposed by Acres.

The influence of blowouts was also addressed by Sandia. Stress

anal ysis was performed for a two-level mine with a simulated
outburst of 20 feet in radius and 150 feet in height occurring in
the salt section between the oil storage area and a new nmine planned
below. The nodel bl owout was su?nyf|cantly | arger than any actua

bl owouts observed at Weeks Island mne. The conclusion was that the
influence of blowouts is local and would not substantially reduce
the integrity of the web. Calculations indicated that it is highly
unlikely that a blowut in a new mning area woul d cause

communi cation with the oil storage area. The existing mine surface
is at a low initial pressure such that little additional relief in
the vicinity of the existing mne can be created by fge new mining.
To better predict the occurrence of blowouts, Sandia*® reconmende

| aboratory efforts to measure the pressure difference |evel which
causes blowouts in salt.

Morton has conpleted two new shafts to -1160 MSL and - 1260 MSL
to the west of the oil storage area(Fig. 16). The new shafts have
no conmunication with the Markel Mne or the oil storage area
Morton will probably abandon the Markel Mne sonetine in 1981 and
start production at -1205 M8L. That level will not be mned under
the oil storage area. A second |level is planned 650 feet bel ow the
oi| storage area (-1485 MSL) connected to the -1205 [ evel by a
decline. Current plans indicate that the -1485 [evel will not be
mned for nmany years.

Nat ural Hazards

Fl ooding - Weeks Island is a local h'gh area that will not be
significantly t hreatened by rooding4. During the 100-year storm
100 foot waves could be generated in the open ocean. However, the
waves that could be propagated inland across the marsh and bays to
break along flooded island perineters would be only 5 to 6 feet.

The waves could not run up to elevations greater than 20 feet. The
mne entrances are 50 feet above sealevel.

Eart hquakes - Weeks Island is in the |ow seismc risk zone No. 1 of
the Uniform Building Codes. This section of the country may
potentially experience mnor damage, a V-VI on the Mercalli Scale.
The nost severe earthquake in the area was in 1930 at

Donal dsonville, some 50 ml|es east of Weks Island which wasof

39



1137

01D

NEW oLD SERVICE
NO. 3 SHAFT PRODUCTION SHAFT
NEW SHAFT (WITHDRAVAL) R .
NO. 4 SHAFT - - i VENT .
A - ] ] FILL FILL
OVERBURDEN T ]
—ood ' 77T I77ITT T T T Iy 777777777 (7777777777777
£ 77T 17T 77777771 / A 1 177777717\ [77777777773 b7
727773777771
‘1 waniFowp :
CHAMBER
SALT /
534 Feel MARKEL LEVEL
- n) ‘uvo
/ UEE,
-735 Feel 7277 / Lléffg'i( EVEL”
4
300 F. 370 F1.
i
-1205 Feet NEW MINE (1ST LEVEL) j 65q Ft.
| |
—1485 Feel l NEW MINE (2ND LEVEL) ]

Figure 16 - SCHEMATIC OF O L STORAGE AREA, MARKEL M NE AND PROPOSED NEW
M NE LEVELS



intensity V-VI (Fig. 17). Mnor damage resulted. An earthquake
Probably woul d not affect the oil storage area since underground
acilities have additional support due to confinement. However
damage to shafts and oil recovery equi pnent could occur and there
would be a possibility of a leak rate increase in the wet drift.

Current Status of the G| Storage Area

DOE's property |ine extends aFFroxinately 300 feet laterally
fromthe lower mne workings in all directions for a total area of
3?8?ﬁre$, and to 300 feet below the |owest point of the [ower |eve
0 e mne

The DCE 1979 Annual Report states that the surface facilities at
VWeeks Island are 92% conpleted (Fig. 18). The mine conversion work
and the Weeks Island-St. Janes pipeline are conpleted. The nmine was
filled with inert gas and ready for oil as of Novenber 1979.

M ne conversion work included drilling of drainage shafts
between the two [evels of the oil storage area, tunneling into the
service shaft sunp, removal of salt bridges along room H scaling of
| oose slabs frompillars and walls and grading |oose piles of salt
to ensure free flow of oil. The upBFr and | ower ventilation bypass
drifts were driven fromthe Markel ne to the service shaft to aid
in conversion of the service shaft to hold oil wthdrawal equipnent.

A static vent access borehole was drilled at the mainline punp
station (Fig. 16). The hole is cased fromthe surface to the
uppernmost elevation of the mne. The surface elevation at the punp
station is approximtely +95 MSL and the top of salt is at -102
msl. Adrilling activities |og, a borehole geonmetry |log angd a
cement bond log are included in a report by Fenix & Scisson?,

Two oil fill holes were also drilled and cased fromthe surface
to the underground mne sunp $809 and 810 feet below the surface).
The surface elevation at the fill site is +62 MSL and top of salt is
-135 MSL. Both fEe drilling activities log and a gyroscopi c survey
are availablelO,11l,

The oil piping distribution systemconsists of eleven (ten
operational and one reserve) subnersible electric punps in the mne
to boost oil to the surface and twin nmain |ine punps épLus one
reserve) to push the crude oil to St. James Terminal durin
drawdown. St. James Term nal is northeast of \Weeks Island on the
M ssissippi River. Punps total 17,000 horsepower. Weks Island
will be filled via a 36-inch dianmeter, 69 nmile long pipeline from
St. James Terminal at a maxinmum rate of 480,000 barrels per day.
Total drawdown capability is 590,000 barrels per day23,
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